We apply the double-direct random-phase-approximation (DDRPA) method [Agren et al. , J. Chem.
I. INTRODUCTION
The polyenes form the backbone of a large group of biologically active chromophores, from carotenoids to organic dyes. These molecules contain a polyene chain which strongly influences the photophysical and luminescence properties of chromophores. For example, electronic excitations in polyenes are related to the photochemistry of the vision process. Lately, the polyenes have attracted interest concerning a particular aspect of their optical properties, namely, the strong nonlinearity which makes polyenes promising constituents in materials for optical conductors and switches.
The conjugated and delocalized nature of the +-electronic structure implicates a very strong enhancement of the polarizability and hyperpolarizability along the carbon backbone. Many theoretical studies have concerned the nature of this enhancement.
For short members of the polyenes the hyperpolarizability increases exponentially, but it levels off for larger members. One obvious task is to extrapolate the values for these quantities to the asymptotic limit. Connected to this problem is the determination of the correlation length, for which the increase of the polarizability or hyperpolarizability per unit cell has reached a constant value. Other questions concern the organization of the excited states reached by one-or two-photon transitions and the development of the optical band gap, since these quantities can be used to rationalize the source of the strong nonlinearity.
Geometric distortion, electron-phonon coupling, and the occurrence of polarons and solitons are yet other issues that have a fundamental impact on the excitation properties and nonlinearity of~-conjugated polymers.
Macroscopically prepared polyacetylene is not "infinite" but contains strands of conjugated polymers, which may be some hundred carbon atoms long. From this point of view it is essential to study finite polyene chains without the periodic boundary condition imposed. For the polyene molecules studied here, we used an idealized polyacetylene geometry, which is de6ned by R(C = C) = 1.342 A, R(C -C) = 1.544 A, R(C-H) = 1.084 A, e(C = C -C) = 121.6', and 8(C =C-H) = 120' in a C2I, symmetry. The x axis is in the molecular plane along the chain direction (corresponding to the translational axis in polyactylene), the z axis is the twofold rotation axis. For the short polyenes, including C4H6 and C6HS, the optimized geometries from MP2 (second order Mufller-Plesset) Fig. 1(b 
